Abstract-Although signal transducer and activator of transcription 3 (Stat3) is a key second messenger by which leptin regulates appetite and body weight, its role in specific neuronal populations in metabolic regulation and in mediating the chronic effects of leptin on blood pressure is unknown. The current study tested the hypothesis that Stat3 signaling in proopiomelanocortin (POMC) neurons mediates the chronic effects of leptin on mean arterial pressure (MAP), as well as on glucose regulation, energy expenditure, and food intake. Stat3 flox/flox mice were crossed with POMC-Cre mice to generate mice with Stat3 deletion specifically in POMC neurons (Stat3 flox/flox /POMC-Cre). Oxygen consumption (Vo 2 ), carbon dioxide respiration (Vco 2 ), motor activity, heat production, food intake, and MAP were measured 24 hours/d. After baseline measurements, leptin was infused (4 μg/kg per min, IP) for 7 days. Stat3 flox/flox /POMC-Cre mice were hyperphagic, heavier, and had increased respiratory quotients compared with control Stat3 flox/flox mice. Baseline MAP was not different between the groups, and chronic leptin infusion reduced food intake similarly in both groups (27 versus 29%). Vo 2 , Vco 2 , and heat production responses to leptin were not significantly different in control and Stat3 
M ost of the known physiological actions of leptin, including regulation of appetite, thermogenesis, and sympathetic nervous system activity, are mediated by activation of the long form of the leptin receptor. 1 LRb, a cytokine receptor, is expressed in many areas of the brain and peripheral tissues and activates janus tyrosine kinase. Janus tyrosine kinase phosphorylates 3 major tyrosine residues to elicit 3 distinct signaling pathways. 1, 2 Signal transducer and activator of transcription 3 (Stat3) is one of the key signaling pathways activated in the hypothalamus by leptin and seems to be important in regulating appetite and body weight. Mice with conditional deletion of Stat3 in the entire central nervous system (CNS) are hyperphagic, obese, and display many of the metabolic abnormalities found in leptin receptor-deficient mice. 3 Moreover, leptin-mediated appetite suppression is markedly attenuated in mice with Stat3 deficiency in the entire brain. 3 Although these observations indicate that LRb signaling through Stat3 is important for regulating appetite and body weight, the role of Stat3 in mediating the chronic blood pressure effects of leptin is unknown. Furthermore, there have been no previous studies, to our knowledge, that have determined the role of Stat3 signaling in different regions of the CNS in mediating the chronic actions of leptin on appetite, thermogenesis, glucose homeostasis, and cardiovascular regulation.
In the current study, we used a genetic approach to inactivate Stat3 specifically in proopiomelanocortin (POMC) neurons. The generation of mice with targeted deletion of Stat3 allowed us to test the hypothesis that Stat3 in POMC neurons is essential for the chronic effects of leptin on cardiovascular and metabolic functions. Our results indicate that Stat3 signaling in POMC neurons plays a key role in the chronic effects of leptin to raise arterial pressure, as well as in modulating the acute blood pressure responses to stress in male mice, but may not be essential for mediating the chronic effects of leptin on appetite or glucose regulation.
Animals

Stat3
flox/flox mice (generously provided by Dr Xin-Yuan Fu, Indiana University School of Medicine) have loxP sites flanking exons 18 to 20 that contain the SH2 domain essential for phosphorylation of Stat3. These mice were crossed with heterozygotic POMC-Cre mice (generously provided by Dr Joel Elmquist, University of Texas Southwestern) that express Cre-recombinase specifically in POMC neurons. Mice that were homozygous for Stat3 flox/flox and expressed Cre-recombinase were labeled Stat3 flox/flox /POMC-Cre, and littermate homozygous Stat3 flox/flox mice not expressing Cre-recombinase were used as controls. We previously reported that the cardiovascular and metabolic responses to leptin were not different in POMC-Cre mice and wild-type (C57BL/6J) controls. 4 The different groups of mice (n=15 for each group) were followed from weaning to obtain a growth curve, and a subset of mice (n=6) randomly selected from each parent group was studied at 8 to 10 weeks of age to assess early metabolic parameters. Then at 20 weeks of age, subsets of Stat3 flox/flox and Stat3 flox/flox /POMC-Cre mice (n=6 for each group) were used to investigate the chronic cardiovascular and metabolic effects of leptin.
The use of Cre-recombinase technology for selective inactivation of Stat3 in POMC neurons has been previously reported. 5 To further validate that Stat3 was inactivated specifically in POMC neurons of Stat3 flox/flox -POMC-Cre mice, immunohistochemistry was performed in a subset of POMC-Cre mice that were bred with mice that carried the R26R Lac Z reporter allele (Gt[ROSA]26Sor tm1Sor ; Jackson Laboratory). These mice, Rosa/POMC-Cre and Stat3 flox/flox Rosa/ POMC-Cre mice, allowed us to assess localization of POMC and phosphorylated-Stat3 (p-Stat3) immunoreactivity after intraperitoneal leptin injection.
Surgical Implantation of Telemetry Probes
Mice from each group were anesthetized with 1% isoflurane and, using sterile techniques, a radiotelemeter (TA11PA-C10 DSI systems, St. Paul, MN) was inserted into the carotid artery and advanced to the aorta for measurement of mean arterial pressure (MAP) and heart rate (HR), 24 hours/d, using computerized methods (Dataquest 4.0: DSI systems, St. Paul, MN) for data collection as described previously. 4 Mice were allowed to recover for ≥7 days before starting any experimental protocols.
Experimental Protocol
General
Mice were fed ad libitum throughout the study, except during the fasting periods (24 hours) for the refeeding experiment and for 4 hours preceding blood collection for measurements of leptin, insulin, and glucose as described later. Body weight was measured weekly in each mouse beginning at 5 weeks of age and for the duration of the study. Body fat mass, lean mass, and water content of the mice were measured using EchoMRI-4in1 system (EchoMRI, TX; n=6 from each group) at 8 and 20 weeks of age. Body composition data represent the average of 3 measurements in each mouse.
Studies at 8 to 10 Weeks of Age
Between 8 and 10 weeks of age, subsets of mice (n=6) randomly selected from each group were placed in individual metabolic cages to determine baseline food intake, fasting/refeeding responses, and metabolic profiles. Food intake was measured for 3 consecutive days followed by a 24-hour fast. Then the mice were permitted to eat ad libitum, and food intake was measured for an additional 48 to 72 hours after fasting, and a blood sample (150 μL) was collected at the end of this period. Mice were then transferred to metabolic cages (Accuscan Instruments Inc, Columbus, OH) to measure Vo 2 , Vco 2 , respiratory quotient (RQ), motor activity, and heat production for 3 consecutive days.
Studies at 20 Weeks of Age
Radiotelemeters were implanted at 18 weeks of age, and after recovery for 7 to 10 days, the mice were placed back in metabolic cages (Accuscan) and allowed to acclimate for 2 days. MAP and HR were recorded 24 hours/d using computerized methods as previously described. 4, 6 Briefly, 500 samples/s were taken in bursts of 10 seconds every 10 minutes, and average values were recorded for each day. Food and water consumption were recorded daily. After 5 days of stable control measurements, osmotic minipumps (Alzet, Cupertino, CA, model 1007D) were implanted intraperitoneally to infuse leptin (R&D Systems, Minneapolis, MN) at 4 μg/kg per min for 7 days. This dose was chosen because it increases plasma leptin to concentrations comparable with those found in severe obesity, and we have previously shown that these levels significantly decrease food intake and elevate blood pressure in control mice. 4, 6 After leptin infusion was stopped, measurements were continued for 5 additional days of posttreatment recovery. A blood sample (150 μL) was taken via a small tail snip after a 4-hour fast on the last day of control, the last day of leptin infusion, and the last day of the recovery periods. Benzocaine was used as a topical analgesic to alleviate pain after tail snips. Mice were allowed to recover for 2 weeks after the leptin infusions were stopped before acute blood pressure responses to stress were evaluated, as described below.
Acute Air-Jet Stress Studies
The acute blood pressure and HR responses to stress were measured in Stat3 flox/flox and Stat3 flox/flox /POMC-Cre mice after recovery for 2 weeks after the chronic leptin infusion was stopped. Mice were placed in special cages and allowed 2 hours to acclimate. MAP and HR were then monitored continuously for the duration of the test. After 30 minutes of baseline measurements, mice were abruptly awakened with an air jet delivered near the head of the mouse, using a 14-gauge needle attached to a container of compressed air. The air jet was delivered intermittently for 5 seconds on and 10 seconds off for an additional 5 minutes. MAP and HR were recorded for an additional 30 minutes after stopping the air-jet stress.
Glucose Tolerance Test
After completion of the experimental protocols, when the mice were 20 weeks old, glucose tolerance tests were conducted in Stat3 flox/flox and Stat3 flox/flox /POMC-Cre (n=6 per group). Briefly, mice were fasted for 6 hours and then given a single intraperitoneal injection of 15% glucose (1.5 g glucose/kg body weight). Blood samples (5 μL) for glucose measurements were taken at 0, 15, 30, 60, 90, and 120 minutes from a small tail snip and analyzed using a glucose meter and strips (Reli OnAbbott, CA). The reported values represent averages of 3 measurements in each mouse.
Analytical Methods
Polymerase Chain Reaction
After weaning, mice were genotyped by using real-time-polymerase chain reaction of DNA obtained from a tail snip. DNA was purified using DirectPCR Lysis Reagent (Viagen, CA) with proteinase K solution (Sigma, MO), then mixed with iQSupermix (BioRad, CA) and primers. Stat3 primers were ATTGGAACCTGGGACCAAGTGG and ACATGTACTTACAGGGTGTGTGC. Cre primers were CTGCCACGACCAAGGTGACAGC and CTTCTCTACACCTGCG GTGCT. Rosa primers were GCGAAGAGTTTGTCCTCAACC, GGAGCGGGAGAAATGGATATG, and AAAGTCGCTCTGAGTTG TTAT. Each sample was then polymerase chain reaction-amplified using a Thermal Cycler (BioRad, CA) and separated on a 1.5% agarose gel.
Tissue Collection and Immunohistochemistry
To confirm loss of Stat3 activity specifically in POMC neurons of Stat3 flox/flox /POMC-Cre mice, we used immunohistochemistry to double-label POMC neurons and p-Stat3 in Rosa/POMC-Cre and Stat3 flox/flox Rosa/POMC-Cre mice. Weight-matched mice between 10 and 12 weeks of age (n=3 per group) were injected intraperitoneally with recombinant mouse leptin (R&D Systems; 5 mg/kg), and 45 minutes later, the mice were anesthetized with isoflurane and perfused via a left ventricle puncture with 4% paraformaldehyde containing phosphatase inhibitor. Tissues were collected, and brains were placed in 4% paraformaldehyde overnight and then infiltrated with 30% sucrose in PBS at 4°C. Frozen coronal sections (25-μm thick) were prepared, free-floating sections were washed with PBS, and then incubated for X-gal staining (β-Gal Staining Set, Roche, IN) for 3 hours. After X-gal staining, sections were washed and immunostained with p-Stat3 antibody (Cell Signaling Technology, MA). On completion of staining, sections were mounted on Superfrost/Plus slides (Fisher). Colocalization of p-Stat3 with POMC neurons were quantified in 100 randomly chosen lacZ expressing POMC neurons (perinuclear blue dot) at 10× magnification, and a blinded investigator then counted the number of positive POMC neurons expressing p-Stat3 (brown nuclear staining) cells.
Plasma Hormones and Glucose Measurements
Fasting plasma leptin and insulin concentrations were measured with ELISA (R&D Systems and Crystal Chem Inc, respectively), and plasma glucose concentrations were determined using the glucose oxidation method (Beckman Coulter, CA), except during the glucose tolerance test, where glucose was measured using a glucose meter and strips as previously described.
Statistical Analyses
Data are expressed as means±SEMs and analyzed by using 2-factor ANOVA with repeated measures. The Bonferroni post hoc test was used for comparisons between groups. Mann-Whitney t test was used to compare baseline data of the different groups of mice. Statistical significance was accepted at a level of P<0.05.
Results
Confirmation of Stat3 Inactivation in POMC Neurons
At 3 weeks of age, mice were genotyped for Stat3 flox and Crerecombinase using DNA obtained from a tail snip. 
Effect of POMC Neuron Stat3 Inactivation on Body Weight, Appetite, and Metabolic Profile at 8 to 10 Weeks of Age
Body weight was significantly increased in male and female Stat3 flox/flox /POMC-Cre mice, compared with controls, starting at 5 weeks of age and remained elevated throughout adulthood ( Figures 2A and 2B , respectively).
Average daily food intake was also significantly increased in male and female Stat3 flox/flox Rosa/POMC-Cre mice compared with controls at 8 to 10 weeks of age ( Figures 3A and  3B ). However, the usual rise in food intake when mice were permitted to eat ad libitum after a 24-hour fast was attenuated in mice with Stat3 inactivation in POMC neurons (Figures 3A and 3B). In control mice, food intake increased significantly, when they were permitted to eat ad libitum after a 24-hour fast, but in Stat3 flox/flox /POMC-Cre mice, food intake remained similar to baseline values at 24 and 48 hours after fasting.
We also examined metabolic parameters in Stat3 flox/flox / POMC-Cre mice and Stat3 flox/flox control mice at 8 to 10 weeks of age. Body weight and fat mass were higher in male and female mice with Stat3 deletion in POMC neurons (Table 1) . Leptin levels were significantly increased only in female Stat3 flox/flox /POMC-Cre mice, and although leptin tended to be higher in male Stat3 flox/flox /POMC-Cre mice compared with male control mice, this difference was not statistically significant. We observed no differences in total body lean mass or water content, fasting insulin, or glucose levels in control mice and Stat3 flox/flox /POMC-Cre mice at 8 to 10 weeks of age. RQ and motor activity were higher in Stat3 flox/flox /POMC-Cre (Table 1) . Female Stat3 flox/flox / POMC-Cre mice also exhibited higher heat production than female control Stat3 flox/flox mice (Table 1) . (Tables 2 and 3, and Figures  4B and 4F ). There were no significant differences in lean mass between groups at 20 weeks of age ( Figures 4A and  4E ). Fasting leptin levels tended to be higher in Stat3 flox/flox / POMC-Cre mice compared with control mice, although differences were statistically significant only in female mice (Tables 2 and 3 ). Fasting plasma insulin and glucose were not significantly different in control and Stat3 flox/flox /POMCCre mice, although female mice had lower fasting insulin and glucose levels compared with male mice (Tables 2 and 3) . We observed no differences in the area under the blood glucose curve during glucose tolerance testing in male or female Stat3 flox/flox /POMC-Cre compared with control Stat3 flox/flox mice ( Figures 4D and 4H) . RQ was significantly elevated in male, but not female Stat3 flox/flox /POMC-Cre mice, compared with control mice (Table 2 and 3) . We also observed sex differences at 20 weeks of age in motor activity, which was reduced in male Stat3 flox/ flox /POMC-Cre mice compared with controls, whereas female Stat3 flox/flox /POMC-Cre mice showed increased motor activity compared with controls (Tables 2 and 3 ). No differences were observed in Vo 2 or heat production in controls and Stat3 flox/flox / POMC-Cre mice (Tables 2 and 3) .
Metabolic and Cardiovascular Profiles and
Baseline MAP and HR were not significantly different among groups, except in female Stat3 flox/flox /POMC-Cre mice, that exhibited slightly increased HR compared with control female mice (Tables 2 and 3) .
In male mice with Stat3 deletion in POMC neurons, increases in MAP during acute air-jet stress were attenuated by 50% compared with control male Stat3 flox/flox mice ( Figure 5A Leptin infusion for 7 days increased plasma leptin by a similar amount (35-41 ng/mL) in all groups; after 7 days of leptin infusion, plasma leptin concentration averaged from 51 to 64 ng/mL (Tables 2 and 3 ). Leptin infusion reduced food intake by ≈30% and decreased body weight in control mice, as well as in Stat3 flox/flox /POMC-Cre mice (Tables 2 and 3 ). Food intake during the recovery period was not significantly different from food intake measured during baseline before leptin administration (data not shown).
Leptin treatment did not alter RQ, oxygen consumption, or heat production in male or female mice from both groups (Tables 2 and 3 ). Although leptin treatment reduced motor activity in female control mice, motor activity did not change significantly in any of the other groups during leptin infusion.
Leptin treatment lowered fasting plasma insulin and glucose concentrations in control male Stat3 flox/flox mice, as well as in male Stat3 flox/flox /POMC-Cre mice (Table 2) . Leptin administration reduced blood glucose in control female mice, but (Table 3 ). In addition, leptin infusion did not significantly alter plasma insulin levels in either group of female mice (Table 3) .
Leptin infusion for 7 days caused a gradual rise in blood pressure in male and female Stat3 flox/flox control mice ( Figure  5B ) during the last 3 days of leptin infusion. The average increase in MAP was 10 mm Hg in both male and female control mice (Tables 2 and 3 ). In contrast, there were no significant increases in MAP in male or female Stat3 flox/flox /POMC-Cre mice during leptin administration ( Figure 5B ). Although HR tended to increase during leptin infusion, the changes were not statistically significant (Tables 2 and 3 ).
Discussion
The most important findings of this study are that inactivation of Stat3 in POMC neurons abolished the rise in blood pressure during chronic leptin treatment and attenuated the pressor response to acute air-jet stress in male mice. We also found that deletion of Stat3 signaling in POMC neurons caused only a modest increase in body weight and did not significantly alter the chronic anorexic actions of leptin.
Role of POMC Neuron Stat3 in Mediating Chronic Blood Pressure Effects of Leptin
We previously found that intact leptin receptors on POMC neurons, as well as intact MC4R, are necessary for leptin to raise blood pressure. 4, 6 These and other studies indicate that the CNS POMC-MC4R system mediates the increases in renal sympathetic nerve activity and the chronic hypertensive actions of leptin. 7, 8 Yet, leptin is known to elicit multiple postreceptor signaling events in POMC neurons that could contribute to increases in sympathetic activity and blood pressure. 1 Although Stat3 activation clearly contributes to the anorexic effects of leptin, 9-11 the role of Stat3 signaling and the neuronal sites involved in mediating the chronic blood pressure effects of leptin has not, to our knowledge, been previously determined. Our current results indicate a key role for POMC neuron Stat3 signaling in contributing to the chronic hypertensive effects of leptin.
These findings are consistent with the observation that the blood pressure effects of leptin are slow to develop and seem to increase over several days. 12 It is possible that the transcriptional activity of Stat3 to increase production of α-melanocyte stimulating hormone, a key POMC neurotransmitter that activates MC4R in downstream neurons, is vital for leptin to promote a long-term rise in sympathetic activity and blood pressure. However, further studies are needed to test this hypothesis.
Stat3 deletion in POMC neurons of male mice also attenuated the blood pressure responses to an acute pressor stimulus (ie, air-jet stress) in male mice. This finding is consistent with our previous observation that male mice with leptin receptors deleted in POMC neurons also exhibit an attenuated pressor response to acute stress. 4 Female mice, however, had an attenuated blood pressure response to acute air-jet stress compared with male mice, and this was not affected by Stat3 deletion in POMC neurons. Further experiments are needed to unravel the mechanisms responsible for these sex differences in the blood pressure responses to acute stress and their pathophysiological significance. Previous studies have suggested that other factors besides leptin, such as angiotensin II and interleukin-6 (IL-6), may also cause hypertension via phosphorylation of janus tyrosine kinase 2 and Stat3. 13, 14 The results of our current study indicate that Stat3 deletion in POMC neurons did not alter baseline blood pressure. However, the importance of this pathway in mediating the hypertensive effects of factors other than leptin, such as high levels of angiotensin II or IL-6, has not, to our knowledge, been previously reported.
Although our results suggest that Stat3 activation in POMC neurons is important in mediating the chronic hypertensive effects of leptin, they do not rule out the possibility that leptin may influence blood pressure via other signaling pathways in other neuronal populations. For instance, leptin may have effects on other neuronal populations that tend to lower blood pressure. Further studies are needed to unravel the complex actions of leptin on sympathetic activity and blood pressure regulation.
Role of POMC Neuron Stat3 in Regulating Body Weight and Glucose Homeostasis
Deletion of Stat3 in the entire brain of mice has been shown to cause marked hyperphagia and severe obesity with body weight averaging twice as much as in control littermates and body fat content increasing by 5-fold. 3 In the present study, however, Stat3 flox/flox /POMC-Cre male and female mice were only moderately overweight at 8 and 20 weeks of age compared with sex-matched Stat3 flox/flox control mice. This increase in body weight observed with Stat3 deletion specifically in POMC neurons was associated with mild hyperphagia without major alterations in Vo 2 or heat production. Thus, our findings suggest that Stat3 signaling in POMC neurons contributes to regulation of body weight but may be considerably less important than Stat3 signaling in other neuronal populations for control of energy balance.
Our findings are consistent with previous studies suggesting that Stat3 signaling in POMC neurons plays a role in body weight regulation, albeit modest. Ernst et al, 15 surprisingly and in apparent contrast to other studies showing that Stat3 deficiency causes obesity, reported that constitutive nuclear overexpression of Stat3 signaling in POMC neurons caused mild (≤10%) increases in body weight and decreased POMC expression, although Stat3 serves as a transcriptional activator of POMC expression. Although the mechanisms for these unexpected findings are unclear, they may be related to impaired POMC neuron function or to the effect of excess Stat3 signaling to increase expression of SOCS3 (suppressor of cytokine signaling 3), which is a negative regulator of leptin signaling. 15 Gamber et al 16 reported that overexpression of leptin receptors in POMC neurons caused leptin resistance and exacerbated the obesity observed in mice fed with high-fat diet, but not in mice fed with normal diet. These studies suggest that overstimulation of the leptin receptor-Stat3 signaling pathway in POMC neurons can, paradoxically, cause mild obesity similar to the effects of deletion of Stat3 signaling in POMC neurons. In both cases, however, the impact of Stat3 signaling on body weight regulation seems to be modest compared with the effects of Stat3 in other neuronal populations.
Despite having a modest effect on body weight, Stat3 deletion in POMC neurons substantially increased fat mass in male and female mice. Although the mechanisms responsible for the accumulation of adipose tissue are unclear and were not the focus of the present study, we observed hyperphagia and higher RQ in Stat3 flox/flox /POMC-Cre compared with control mice, suggesting increased use of carbohydrate for energy substrate, whereas favoring fat storage.
Deletion of Stat3 in POMC neurons caused no major changes in fasting plasma glucose or insulin compared with control mice. This contrasts with the effects of disrupting Stat3 signaling in the entire brain, which elicits marked elevations of fasting plasma glucose and insulin associated with severe obesity. 3 We also found that Stat3 flox/flox /POMC-Cre mice had nearly normal responses to glucose tolerance tests. Thus, our findings suggest that Stat3 signaling in other neuronal populations besides POMC neurons may be more critical for CNS regulation of glucose homeostasis, although the specific neurons involved are still unclear and remain an important area for further investigation. 
Role of POMC Neuron Stat3 in Mediating Chronic Metabolic Effects of Leptin
The specific neuronal populations involved in mediating the anorexic effects of leptin on appetite and body weight regulation via Stat3 signaling have not been fully elucidated. In the present study, we found that Stat3 deletion in POMC neurons had no major effect on the chronic anorexic effects of leptin. This finding is consistent with our previous report that deletion of leptin receptors in POMC neurons did not significantly attenuate the acute or chronic effects of leptin to reduce food intake. 4 These observations suggest that other neurons besides those expressing POMC mediate a major share of the effects of leptin to suppress appetite.
In addition to regulating appetite, the CNS actions of leptin also play a major role in glucose homeostasis. For example, we and others have shown that the CNS actions of leptin can completely normalize plasma glucose levels in streptozotocininduced type 1 diabetes mellitus. 17, 18 Moreover, this powerful antidiabetic effect of leptin is abolished by blockade of CNS melanocortin 4 receptors (MC4R). 18 The effects of leptin to reduce plasma glucose and insulin levels are also abolished in mice with leptin receptors deleted specifically in POMC neurons. 4 These observations indicate that the CNS-mediated antidiabetic effects of leptin are attributable primarily to activation of leptin receptors in POMC neurons and subsequent stimulation of MC4R. Whether leptin mediates this antidiabetic effect by activating Stat3 or one of its other main signaling pathways, insulin receptor substrate 2 (Irs2), or the tyrosine phosphatase Shp2, in POMC neurons, has not been previously determined.
Results from the present study suggest that LepR-mediated activation of Stat3 in POMC neurons is unlikely to explain a major share of the CNS-mediated effects of leptin on glucose homeostasis, and are consistent with the possibility that other signaling pathways (ie, Shp2 or Irs2) in POMC neurons may contribute importantly to the CNS-mediated antidiabetic effects of leptin. However, the contribution of these signaling pathways in POMC neurons to the effects of leptin on glucose homeostasis is still unclear and is an important area for further investigation.
Sex Differences in Metabolic Effects of Stat3 Deletion in POMC Neurons
Another finding of our study is that there were sex differences in some of the metabolic effects of POMC neuron Stat3 deletion. For example, female mice with POMC neuron Stat3 deletion had earlier increases in fat mass compared with male mice with POMC Stat3 deletion at 10 weeks of age. Also, there were sex differences in some of the metabolic responses to chronic leptin infusion. In male mice with POMC Stat3 deletion, leptin infusion caused significant reductions in plasma insulin and glucose levels; however, in female mice at 20 weeks of age, baseline insulin and glucose levels were lower than in males, and chronic leptin infusion failed to significantly lower plasma insulin concentration in either Stat3 flox/flox or Stat3 flox/flox /POMC-Cre mice. Another sex difference is that 20-week-old female mice with POMC Stat3 deletion had substantially higher motor activity than male mice with POMC Stat3 deletion. Quantitative differences in Stat3 expression and deletion in males and females might explain some of the sex differences observed, but are unlikely to account for qualitative differences, for example, in motor activity, during leptin infusion. Also, control female mice had a markedly attenuated pressor response to air-jet stress compared with male mice, and this was not altered by Stat3 deletion in POMC neurons.
Although our studies were not designed to investigate the mechanisms responsible for sex differences in Stat3 signaling and POMC neuronal control of metabolism, they emphasize the need for further investigation. Accounting for sex differences in the design of experimental studies and interpretation of results is increasingly recognized as an important step in developing translational approaches for prevention and treatment of human diseases.
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Perspectives
Previous studies indicate that increased leptin levels may contribute to sympathetic activation and hypertension in obesity, although obese subjects seem to be resistant to some of the metabolic effects of leptin, including appetite suppression. 7 Our current results indicate that intact Stat3 signaling in POMC neurons is essential for the chronic hypertensive effects of leptin, but not for its effects on appetite and body weight regulation. These findings, however, do not imply that Stat3 signaling is unimportant in regulating appetite and body weight. In fact, total brain deficiency of Stat3 causes extreme obesity comparable with that found with leptin deficiency. 3 However, POMC neuronal Stat3 signaling apparently plays a modest role only in body weight regulation and in mediating the effects of leptin on appetite, energy expenditure, body weight, and glucose regulation. These metabolic effects of leptin seem to be mediated, at least in part, either by Stat3 in other neuronal populations besides those expressing POMC or by another signaling pathway. This differential regulation of blood pressure and various metabolic functions by POMC Stat3 signaling may help explain how leptin is capable of regulating sympathetic activity and blood pressure independently from appetite and other metabolic functions in obesity.
